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== (54) Title: A METHOD OF CONVERTING THERMAL ENERGY INTO MECHANICAL WORK 



2 (57) Abstract: The present invention relates to a method of converting thermal energy, e.g. waste heat of different types such as flue 
gas heat, etc., solar heat or other low value thermal energy, and so on, into mechanical work, e.g. electricity generation, in which 

Q an energy carrier is circulated in a first loop (A) for receiving heat from an external energy source and converting said addition into 
mechanical work by co-operating with a second energy carrier which is circulated in a second loop, the energy exchange between 

^ the energy carriers being carried out in a prehealer/boiler and a condenser. 
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A METHOD OF CONVERTING THERMAL ENERGY INTO MECHANICAL WORK 
The present invention relates to a method according to the preamble to appended claim 1. 

5 The environment is constantly deteriorating, often because of profligacy with resources, but also 
because of a lack of capability to take care of available resources. Thus, it is of great importance that 
the use of generated energy is improved. Electricity is the simplest energy form to convert into other 
energy forms and, hence, electricity has become that type of energy which is used most. Regardless of 
whether the electricity is generated by wind power, nuclear power or by renewable energy sources, it 

10 is very difficult to store electricity and recover it. In many industrial processes, the electricity is 
converted after use mostly into heat which is cooled off to no good. This takes place in the paper and 
pulp industry, in the steel industry, in cement manufacture and glass manufacture, and also in glass 
wool insulation manufacture, in chemical and petrochemical processes and large proportions of the 
supplied electric energy is obtained in the form of heat which is generally cooled down with the aid of 

15 coolant water to no benefit, but rather on many occasions to disadvantage and inconvenience, or is led 
off as hot flue gases. 

The task forming the basis of the present invention is to realise a method of providing such low 
temperature thermal energy as is exemplified above and a plant for carrying out the method. 

20 

This task is solved according to the present invention in that the method indicated by way of 
introduction has been given the characterising features as set forth in appended claim I. 

The present invention makes possible the generation of electricity with the aid of waste heat or other 
25 low value energy or solar energy by means of which the degree of efficiency can be considerably 
improved as compared with that which is known in so-called Ranking processes, and it will not 
require that coolant water must remove large quantities of energy which is otherwise required for a 
Ranking cycle to function. Further, the present invention makes it possible that spent electricity can be 
recovered at low temperatures with a high degree of efficiency which makes it possible for an 
30 investment to be profitable. 

The present invention will be described in greater detail hereinbelow with reference to the 
accompanying drawing which shows a diagram of a plant for carrying out one embodiment of a 
method according to the present invention. 

35 

The plant illustrated on the drawing has a primary loop A and a secondary loop B. The loops A, B are 
closed. In the primary loop A, an energy carrier or vehicle is circulated containing a mixture of 
hydrocarbons which are non-toxic and have no harmful effect whatever on the ozone layer or so- 
called greenhouse effect. The energy carrier or liquid in the primary loop A has an operating pressure 
40 which may vary between 20 and 30 bar and a vaporisation temperature which varies between 50 and 
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70°C. Since the entropy curve is powerfully parabolic in formation, there will be obtained a large 
enthalpy addition on superheating in the gas phase and the superheating can take place up to approx. 
95°C. Under an isenthropic expansion of the energy carrier in the primary loop A, the pressure falls 
drastically to approx, 2-3 bar and the condensation takes place only when the temperature has been 
5 reduced to -20°C to -30°C. The stability in the hydrocarbon mixture is of major importance and it is 
highly crucial that the dew point curve is homogeneous so that reliability can be attained via partial 
pressure measurement change related to the relevant dry temperature. 


In the energy carrier in the secondary loop B, there is also included a mixture of hydrocarbons, 
10 although this energy carrier operates with a very slight pressure difference, the pressure differences 
being less than 1 bar. The temperature difference should be at least 5°C and if the condensation in the 
primary loop takes place at -30°C, the vaporisation thus takes place in the secondary loop at -35°C. 

In the primary loop A, the energy carrier is driven which is characterised in that it has a very low 

15 boiling point with the aid of a pressuriser pump 10 and in such a manner that the temperature of the 
energy carrier is increased in a pre-heater 3 to corresponding to the boiling point of the energy carrier 
at a constant pressure in order in a boiler 2 to be brought, with the aid of additional supply of energy, 
to be totally vaporised, and finally in a superheater 1 and enthalpy increase is effected to a temperature 
which corresponds to mat point which implies that, when the energy carrier via an isenthropic 

20 expansion has undergone a temperature reduction this may not be below the dew point of the energy 
carrier but a liquid condensation must first take place when the expanding gas meets the energy carrier 
of the same type circulating in the secondary loop B which as a result of expansion is at a lower 
pressure that in a closed cooler 8 is caused to vaporise and at the same time as the gas from the 
expander 7 condenses. The enthalpy in the gas is reduced and transferred to the second energy carrier 

25 which is vaporised and converts into gas and the process is made possible thanks to the work which is 
carried out in the expander 7 which entails that a wheel 7a provided with vanes sets a shaft in motion 
at high speed which, via a gearbox 4, changes down from shafts departing from the gearbox 4 which 
are connected partly to a generator 5 and partly to an apparatus 6 which, with a moderate effect of 
approx. 1 bar, raises the pressure of the gas which had been vaporised in the cooler 8 where it had 

30 been in indirect contact with the gas which had departed from the expander 7. The energy is recycled 
when the condensate is once again vaporised in a boiler 2. The process takes place in closed cycles. 

Apart from minor losses, all external energy supply will be transferred via the vane wheel 7a to a shaft 
which via the gearbox 4 drives the generator 5 which' generates electricity, and the pressure increase 
35 which is required of approx. 1 bar requires very slight work so that only approx. 15% of the supplied 
power is consumed for this pressure increase. Of the external supplied energy, it is thus calculated that 
approx. 80% will become electricity and that none of this supplied energy need to be cooled off, 
which is a requirement for corresponding apparatuses to function. 
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CLAIMS 

1. A method of converting thermal energy, e.g. waste heat of different types such as flue gas heat, etc., 
solar heat or other low value thermal energy, and so on, into mechanical work, e.g. electricity 
5 generation, characterised in that an energy carrier is circulated in a first loop (A) for receiving heat 
from an external energy source and converting said addition into mechanical work by co-operating 
with a second energy carrier which is circulated in a second loop, the energy exchange between the 
energy carriers being carried out in a preheater/boiler and a condenser. 

10 2. The method as claimed in claim 1, characterised in that a part of the energy in the first energy 
carrier is transmitted to the second energy carrier after conversion of said energy portion into 
mechanical work. 

3. The method as claimed in claim 1, characterised in that the first energy carrier in the first loop is 
15 heated in a preheater to its boiling point, is vaporised in a boiler with the aid of energy from the 

second energy carrier in the second loop (B) and is heated in a superheater for increasing the enthalpy 
of the first energy carrier. 

4. The method as claimed in claim 3, characterised in that the enthalpy of the first energy carrier is 
20 increased to a temperature which permits an isenthropic expansion to a temperature which is higher 

than the dew point of the energy carrier. 

5. The method as claimed in the preceding claims, characterised in that the first energy carrier is 
expanded for converting energy from the first energy carrier into mechanical work. 

25 

6. The method as claimed in claim 5, characterised in that the first energy carrier is condensed after 
the expansion under reduction of the enthalpy for transferring energy to the second energy carrier. 

7. The method as claimed in claim 6, characterised in that the second energy carrier is vaporised in 
30 order thereafter to be given higher pressure in a pressuriser which is driven by means of a part of the 

mechanical work which is extracted from the first energy carrier while a second major portion of the 
mechanical work drives an electricity generator. 
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